Reproductive biologists focusing on the germ line have pursued reconstituting phases and events of this cycle in vitro as a way to advance our understanding of this unique and critical development stage. This has culminated in a grand achievement: reconstitution of the female germ line's entire cycle in vitro.
Hikabe et al. [1] accomplished this feat by dividing the process of oogenesis into sections, at which point investigators tested the cells to measure progress against in vivo statistics. They began by differentiating mouse pluripotent stem cells from a female embryonic stem cell (ESC) line termed BVSCH18 into primordial germ cell-like cells (PGCLCs). The aggregates, or reconstituted ovaries (rOvaries), were cultured and observed. During Days Five through Nine, clusters of PGCLCs formed and then fragmented. After eleven days, follicles formed. However, unlike in in vivo development, the in vitro culture yielded a surplus of secondary follicle-like structures (2FLs) after three weeks, indicating vigorous development of primary oocytes. Other differences emerged: in spite of culture with in vitro growth medium, granulosa cell layer development was restricted in 2FLs. Suspecting faulty signaling or lack of space, investigators separated 2FLs from rOvaries, which successfully increased granulosa cell proliferation and cumulus-oocyte complex formation. Oocytes within 2FLs developed into germinal vesicle oocytes at an average rate of 55.1 fully grown oocytes per rOvary.
RNA sequencing was used to compare global transcription dynamics of in vitro and in vivo oogenesis. Findings showed consistently similar levels between the two, indicating success of oocyte-specific regulation in culture. The few changes that did arise were traced back to differentially expressed genes that could be signs of compromised oocyte growth during development and maturation culturing.
The capability of these oocytes to develop into healthy offspring was a major test. After in vitro fertilization, two-cell embryos were transferred into pseudopregnant mice. Out of 316 embryos, 11 viable pups were delivered with colored eyes, the mark of BVSCH18 ESC-derived oocytes. These pups and their placentas were heavier than those of wild-type mice, though investigators suspect this may have been due to fewer pups in the uterine horn. These pups were healthy, with fertility sustained in both males and females.
To complete the germline cycle, investigators developed ESCs from blastocysts of in vitro-generated oocytes, giving rise to lines designated reconstituted ESCs (rESCs). With this final step, Hikabe et al. had completely reconstituted the female germ line-creating a platform to study gene functions underlying oogenesis more broadly, which may lead to related breakthroughs in other species.
